Acquired resistance to tyrosine kinase inhibitors (TKIs) represents the Achilles' heel of targeted treatment in lung cancer. Epidermal growth factor receptor (EGFR)-TKIs are considered the standard first-line treatment for patients with EGFR mutant nonesmall cell lung cancer; however, after a median of 9 to 12 months, virtually all patients develop acquired resistance, which is mediated by the development of an EGFR-T790M secondary mutation in approximately 60% of cases. Different mechanisms of acquired resistance have also been described with lower incidence, including mutations in other driver oncogenes or phenotypic transformation. Herein, we report the first case of a patient with EGFR-mutant lung adenocarcinoma with a long-lasting response to first-line erlotinib treatment who acquired resistance to treatment because of acquisition of both EGFR-T790M mutation and "high-grade" large cell neuroendocrine transformation. This case also shows how resistance to third-generation EGFR-TKI osimertinib can be mediated by the development of phenotypic neuroendocrine transformation, which in the present case occurred during first-line treatment with erlotinib. In addition, our report highlights the pivotal role of rebiopsy and of molecular profiling at the time of progression to guide clinicians to choose the right therapy for the right patient.
L ung cancer is the leading cause of cancer-related deaths worldwide in both men and women, representing 27% of all cancer deaths. 1 Recent advances in the understanding of molecular mechanisms underlying the development of none small cell lung cancer (NSCLC) have led to a classification based on the biological features of each tumor, such that NSCLC becomes a group of different diseases, each with its own specific clinical and biological characteristics. The discovery of sensitizing epidermal growth factor receptor (EGFR) mutations as a predictive marker of sensitivity to EGFR tyrosine kinase inhibitors (EGFR-TKIs) has revolutionized the therapeutic approach to this subgroup of patients with advanced NSCLC who represent 10% to 15% of white patients and 40% to 60% of Asian patients. 2 First-and secondgeneration EGFR-TKIs have become the standard first-line treatment for patients with advanced EGFR-mutant NSCLC, having definitely shown in phase III trials a higher efficacy compared with platinum-based chemotherapy. 3 Unfortunately, acquired resistance to treatment invariably occurs within 9 to 12 months and is primarily mediated by the EGFR-T790M secondary mutation that accounts for approximately 60% of cases. Other acquired resistance mechanisms have also been described, including mutations in other driver oncogenes or phenotypic transformation. [4] [5] [6] [7] Herein, we report the first case of a patient with EGFR-mutant lung adenocarcinoma with a long-lasting response to first-line erlotinib treatment who acquired resistance to EGFR-TKIs because of the development of both EGFR-T790M mutation and "high-grade" large cell neuroendocrine carcinoma (LCNEC) transformation coexisting in the same adrenal metastatic lesion.
RESULTS
We present the case of a 57-year-old male patient who never smoked and was diagnosed in November 2011 with stage IV (cT1b N2M1b [bone and brain] tumor, node, metastasis staging version 7.0), grade 3, thyroid transcription factor 1 (TTF1) positive lung adenocarcinoma ( Figure 1A(a) and B(a) ). Sequence analysis on the transbronchial lung agobiopsy sample obtained at diagnosis scored positive for EGFR exon 19 deletion (2236_ 2252del18/L747_S752del) ( Table) , and the patient received erlotinib 150 mg once daily as first-line treatment. One month later the patient achieved a partial response that turned into a radiologically complete response after 4 months ( Figure 1B ). The patient had been treated with erlotinib until January 2014 when he had a relapse in the posterior basal segment of the right lower lobe, which was present as a single lesion. The patient was considered eligible for radical surgery and underwent atypical lung resection ( Figure 1A(d) ). The microscopical examination confirmed the same histology of the primary tumor (adenocarcinoma Periodic AcideSchiff diastase stain positive (PAS-Dþ), TTF1þ, Cytokeratin 7 positive (CK 7þ), Cytokeratin 20 negative (CK 20À), napsinþ, and Ki-67 60%) ( Figure 2 , A and B1), whereas EGFR genotyping (exon 18, 19, 20 , and 21) revealed the presence of exon 19 deletion together with the presence of T790M resistance (2369C>T) mutation. After lung atypical resection, treatment with erlotinib was pursued for 24 months until January 2016 when the patient had disease progression at both cranial (multiple lesions of 3-4 mm in diameter) and extracranial (mediastinal node and left adrenal gland) sites ( Figure 1A(f) ). Subsequently, the patient underwent whole-brain radiotherapy (total dose, 30 Gy/10 f), which obtained complete response in the brain that was still ongoing until the last available brain magnetic resonance imaging scan (>9 months) ( Figure 1C ). At the same time, the patient underwent ultrasound-guided biopsy of the mediastinal lymph node that confirmed adenocarcinoma histology along with the presence of EGFR-del19 and T790M mutations ( Figure 2C , and Table) . Erlotinib was discontinued, and second-line treatment with osimertinib (AZD9291) was initiated in January 2016. One month later, the mediastinal lymph node disappeared but disease progression occurred in the left adrenal gland (Figure 1, A(g) ). The patient underwent left adrenalectomy, and histological examination revealed 2 coexisting distinct components: adenocarcinoma (TTF-1þ and CK-7þ) and LCNEC (synaptophysinþ, TTF-1þ, and CK-7 "dot-like" positive) ( Figure 2D ). Both the components, which were separately examined for EGFR mutations, harbored an EGFR exon 19 deletion mutation with no evidence of EGFR-T790M.
After an accurate revision of the sample from the atypical lung resection of the right lower lobe (January 2014), we found that phenotypic transformation into LCNEC was already present as a small focus in that surgical sample, which at the time was assumed to be a specimen of adenocarcinoma bearing exon 19 and EGFR-T790M mutation ( Figure 2B2 ).
After surgery the patient underwent radiotherapy on the site of left adrenalectomy (48.4 Gy/22 f þ SYB 55 Gy/22 f) and resumed osimertinib. Unfortunately, 2 months later (May 2016) a radiologic revaluation exhibited disease progression at multiple bone sites ( Figure 1A (h)), a picture that was consistent with rapidly progressing high-grade neuroendocrine tumor. Therefore, considering the histological features and the radiological evidence of widespread disease, the patient began receiving cisplatin-etoposide combination chemotherapy that led to a partial remission after 2 cycles, which was maintained until the end of the sixth cycle. Unfortunately, after 2 months from the end of platinum-etoposide chemotherapy, the patient had disease progression at multiple bone sites. Therefore, in light of the rapid worsening of his clinical condition, we decided to go on with best supportive care and the patient died after more than 61 months from diagnosis.
During the course of his disease, we had the opportunity to collect 3 tumor samples (2 surgical samples and 1 small biopsy specimen) of erlotinib-refractory metastatic lesions, all of which harbored an EGFR exon 19 deletion mutation. At microscopic examination, the 2 surgical samples included both LCNEC and adenocarcinoma histology coexisting in the same lesion. The adenocarcinoma component of the surgical sample of 2014 scored positive for EGFR-T790M, whereas both the adenocarcinoma and LCNEC components of the surgical lesion of 2016 were EGFR-T790M negative at both direct sequencing and therascreen analysis.
We subjected all the available tumor samples to digital polymerase chain reaction and next-generation sequencing (NGS) for a more sensitive analysis and large spectrum mutation investigation and obtained the same results as described above.
Moreover, no MET amplification was found in any samples by using digital polymerase chain reaction (QuantStudio 3D Digital PCR System, Life Technologies) analysis, and NGS analysis (Ion Torrent Personal Genome for 21 cancer-related genes analyzed by the specific NGS panel, including PIK3CA, PTEN, NOTCH1, TP53, and FGFR (for expansion of gene symbols, see www.genenames.org).
Analysis (Table) .
DISCUSSION
Several different mechanisms explaining acquired resistance to EGFR-TKIs in NSCLC have been identified, including on-target EGFR (60%) and off-target EGFR (20%) molecular alterations. [4] [5] [6] [7] The EGFR-T790M secondary mutation represents the most common mechanism of on-target EGFR acquired resistance. Among off-target EGFR molecular alterations, bypass track pathway activation, such as MET amplification (5%), and histological transformation to high-grade neuroendocrine tumors (10%) have been reported. 7, 8 More commonly, neuroendocrine transformation is represented by transition to small cell lung cancer (SCLC) but histological transformation into LCNEC has also been identified and described in a few reports.
9-11
Herein, we report the case of a patient who developed, after a long-lasting response to erlotinib (50 months), both EGFR-T790M mutation and LCNEC transformation as mechanisms of acquired resistance to firstgeneration EGFR-TKIs. We were able to document the presence of both components (EGFR-T790M and LCNEC) after 25 months of erlotinib treatment in the same lung lesion and consequently in the same neoplastic clone that probably at that time had no metastatic potential and was eradicated by a locoregional treatment (right lower lobe atypical resection).
On the contrary, after 50 months of erlotinib treatment, 3 components originating by the same neoplastic clone were present: (1) 1 clone bearing the EGFR-T790M gatekeeper mutation in the mediastinal lymph node that responded to the third-generation EGFR-TKI osimertinib and 2 other clones: (2) LCNEC and (3) T790M-negative adenocarcinoma components with high metastatic potential coexisting in adrenal metastasis that were both positive for EGFR-del19. Intriguingly, these last 2 components were both EGFR-T790M negative and insensitive to osimertinib. To our knowledge, 6 patients with SCLC transformation during treatment with EGFR-TKIs who had data for multiple metastatic lesions have been reported so far. In 3 of them, all metastatic lesions exhibited SCLC transformation without evidence of the EGFR-T790M mutation, whereas in the other 3, some lesions were T790M positive and others had SCLC phenotype, thus suggesting that SCLC transformation and EGFR-T790M mutation occur in a reciprocal manner in a single patient upon acquisition of resistance to EGFR-TKIs. 4, [12] [13] [14] [15] [16] Herein, we presented the first case in which EGFR-T790M mutation and neuroendocrine transformation exist together in the same lesion (lung 2014). Both these components had been documented in vivo more than 2 years before widespread disease progression, which was correlated with the aforementioned components sharing the original EGFR-activating mutation (del19) that we found in adrenal metastasis: (1) the highgrade neuroendocrine component responding to platinum-etoposide combination and (2) the adenocarcinoma EGFR-T790Menegative component rapidly progressing after platinum/etoposide debulking. In both these components, EGFR expression was silenced (immunohistochemistry: data not shown) as previously reported for EGFR-mutated lung adenocarcinoma and SCLC with primary resistance to EGFR-TKIs. 16 This could explain the resistance to both erlotinib and osimertinib.
Except for EGFR mutation, no other co-occurring mutations have been identified in any samples collected, neither in TP53 gene nor in other known driver oncogenes such as PIK3CA or MET. No EGFR-C797S third-generation TKI acquired resistance mutation was found, either on tissue biopsies or on liquid biopsies. This case highlights the importance of rebiopsy and of molecular analysis of sequential samples of the same patient during the course of disease to help clinicians make the best treatment choice as possible. Until recently, upon documented disease progression on first-or second-generation EGFR TKIs, chemotherapy was the mainstay of second-line treatment for patients with EGFR-mutant NSCLC. Nonetheless, recent advances in the understanding of the molecular mechanism underlying the development of resistance to EGFR-TKIs revealed that T790M secondary mutation is responsible for approximately 60% of cases of acquired resistance. To overcome T790M-mediated resistance, novel third-generation EGFR-TKIs have been developed. Among these, osimertinib showed in phase I/II trials (clinicaltrials. gov
Identifier: NCT01802632 and NCT02094261) promising results in pretreated patients with EGFR-mutant NSCLC. 17 More recently, in a phase III trial (clinicaltrials.gov Identifier: NCT02151981), osimertinib was definitely proved to be superior to chemotherapy in terms of objective response rate and progression-free survival as second-line therapy for patients with EGFRmutant NSCLC harboring T790M secondary mutation who had progressed on or following a first-line EGFR-TKI treatment with particular evidence in brain metastasis control, which seems to improve with osimertinib because of the passage of the drug across the bloodbrain barrier. 18 Unfortunately, resistance to third-generation EGFR-TKIs occurs in virtually all patients. Although the tertiary EGFR mutation C797S has recently been reported as one of the possible mechanisms of resistance, in most cases a specific mechanism FIGURE 2. Histopathological and immunophenotypic evolution. A, Morphological picture of the transbronchial biopsy performed in November 2011: adenocarcinoma (right) and infiltrating lung parenchyma (left) (hematoxylin-eosin, original magnification Â200). B, In the atypical resection of the right inferior lobe (January 2014) at the periphery of the adenocarcinoma, a small focus of undifferentiated carcinoma (left side of the inset B1: hematoxylin-eosin, original magnification Â200) was present, showing a strong positivity for synaptophysin (inset B2: peroxidase, original magnification Â200). C, Cell block obtained by fine needle aspiration cytology from a mediastinal lymph node (January 2016), showing fragments of adenocarcinoma (hematoxylin-eosin, original magnification Â400). D, Adrenalectomy (February 2016) revealed a synchronous metastasis of adenocarcinoma (left) and undifferentiated large cells carcinoma (right) in cortical metastasis, with extension of the latter component into the retroperitoneal adipose tissue (hematoxylin-eosin, original magnification Â200). E, Immunohistochemical staining for synaptophysin in the same area revealed strong positivity in the large cell component (right inset); the adenocarcinomatous component was completely negative (left inset) (peroxidase, original magnification Â200; insets: original magnification Â400). LCNEC ¼ large cell neuroendocrine carcinoma. cannot be identified. Our case suggests that phenotypic transformation into LCNEC might represent a novel mechanism of resistance to osimertinib, however, also being maintained in the LCNEC phenotype the presence of the EGFR-del19 mutation. Notably, upon documentation of such phenotypic transformation, in the absence of any potentially targetable genetic alteration, the patient was treated with an "LCNEC-like" chemotherapy, obtaining a partial response. This highlights the fundamental role of rebiopsy at disease progression that in our case allowed a proper molecularly tailored treatment of the disease, which translated into a clinically meaningful survival benefit of more than 61 months from diagnosis. Because biopsies at disease progression may not always be feasible, circulating tumor DNA analysis might provide a fast and noninvasive diagnostic tool. However, because of technical issues and low sensitivity, plasma genotyping should be considered complementary to traditional biopsies. 19 
CONCLUSION
To our knowledge this is the first evidence of EGFR-T790Mepositive lung adenocarcinoma and LCNEC transformation existing together in the same lesion as shown in the resected first lung cancer relapse of the disease, with the subsequent T790M-positive adenocarcinoma being the putative intermediate step that precedes the development of the mixed metastatic phenotype consisting in LCNEC and adenocarcinoma (both EGFR-del19 positive) present in the adrenal gland. We do not have any formal proof that this means that EGFRT790Mepositive, EGFR-T790Menegative, and LCNEC components are subclones deriving from the same cell, but this is far more reasonable than simple intrametastatic heterogeneity.
